The aim of the field experiments carried out in the years 2009-2011 was to assess the application of reduced doses of chlorsulfuron on yield and quality parameters of winter triticale semi-dwarf and full-height cultivars. The herbicide effect was evaluated in two cultivars, Grenado and Pizarro. The cultivars were of different plant heights. Chlorsulfuron was applied at the recommended dose (15 g a.i.
Introduction
The area of triticale cultivation in Poland as well as the area of this cereal's crops have exhibited great changes. Currently the share of triticale in the cropping system is significant. In 2011, triticale cultivation covered an area of ca. 1.3 mln ha. The nutritional value of triticale grain is due to: the high protein content, a favorable amino acid composition, and a high coefficient of digestibility. In Poland, the area of triticale cultivation has grown slowly but steadily. In 2009, the area of sown triticale exceeded the area of cultivated rye.
Currently triticale is a well-established crop, having equal status with other species of cereals (Maćkowiak 2003) .
The percent of farms involved in triticale cultivation in Poland, according to the total number of farms involved in cereal cultivation, was 31.7% for the winter triticale type and 5.2% for the spring type (GUS 2014) .
Triticale has highly adapted to all the regions in Poland (Arseniuk and Oleksiak 2004) but most triticale (21-26%) is grown in the central, northern, and north-western region of Poland (GUS 2012) .
Cultivars of cultivated plants have a wide range of competitive abilities which can be a useful tool in integrated weed management (IWM) (Christensen 1994) . It should be emphasised that cultivar potential may be combined with other tools used in IWM, e.g. reduced herbicide doses.
At present, the main goal of weed management is to keep weed infestation at an acceptable level. The application of herbicides at reduced doses are often sufficient.
Moreover, the addition of an adjuvant improves treatment efficacy and can compensate for a reduced dose of herbicide (Kwiatkowski et al. 2011; Javaid et al. 2012) .
The role of integrated weed management has also been noted by other authors (Fathi 2005; Ullah et al. 2008; Marwat et al. 2011) . The various competitive abilities cultivars have against weeds were pointed out by Kraska (2008) and Watson et al. (2006) , among others.
Experiments aimed at the possibility of reducing the use of herbicides have repeatedly confirmed the usefulness of such solutions in agricultural production (Kraska 2008; Barros et al. 2011) . Scientific research has also devoted much attention to the response of cultivars of cultivated plants to herbicides (Bailey et al. 2004; Hassan et al. 2010; Weber and Kieloch 2013) .
Triticale is considered a cereal with high yielding potential. It is stated to be more competitive against weeds than wheat (Oettler 2005) . It is more tolerant against drought and pests (Darvey et al. 2000; Erekul and Köhn 2006) . The importance of the genetic variability of cultivated plants has been addressed by many authors (Mittal and Sethi 2005; Barnett et al. 2006; Theimt and Oettler 2008) .
The aim of our study was to assess the possibility of reducing the doses of chlorsulfuron in the cultivation of winter triticale. Two triticale cultivars were taken into consideration, and the application of a reduced dose of herbicide with an adjuvant were also taken into consideration, for the assessment of the chlorsulfuron reduction in the cultivation of winter triticale. In the vegetation season 2009/2010, the experiment was located on podsolic soil derived from light loamy sand, of soil quality class Iva. The soil pH was 5.0 and the organic matter content was 1.14%. In autumn, prior to sowing, the following mineral fertilisation was applied: N = 20 kg • ha -1 , P = 60 kg · ha -1 and K = 60 kg · ha -1 , while in spring N = 80 kg · ha -1 . In the season 2010/2011, the experiment was established on podsolic soil derived from loamy sand of soil quality class IIIa. The soil pH was 5.1 and the organic matter content 1.35%. Prior to plant sowing, the following nutrients were used: N = 20 kg · ha -1 , P = 60 kg · ha -1 and K = 60 kg · ha -1 , and in spring N = = 71 kg · ha -1 , P = 71 kg · ha -1 and K = 71 kg · ha -1 . In 2009, a forecrop for winter triticale was winter rape, and in 2010 -winter wheat. The experimental plots had a surface area of 16.5 m 2 (width of 1.5 m, length of 11.5 m). The interrow spacing was 12.5 cm.
Materials and Methods

The experiments
The two factors examined in the field experiments were herbicide dose (factor A) and winter triticale variety (factor B). The experiment was carried out in a randomised block design with four replications.
The experiments used chlorsulfuron -2-chloro-N-[[(4--methoxy-6-methyl-1,3,5-triazin-2-yl)amino]carbonyl]benzenesulfonamide (a compound of the group of sulfonylurea derivatives) -Maczuga 75 WG, in the form of pellets for aqueous suspension. The following doses of active ingredient per 1 ha were used: 15 g · ha -1 , 10.5 g • ha -1 and 10.5 g • ha -1 with an oil adjuvant (Atpolan 80 EC at a dose of 1.5 l • ha -1 -76% paraffin oil). The herbicide effect was compared to the control which was without herbicide use (0 g a.i.
• ha -1 ). The treatments were carried out directly after the sowing of the winter triticale. A pressure field sprayer was used. The sprayer had a tank volume of 4 l, a working pressure of 2 bars, a nozzle spacing of 50 cm, and an application rate of 200 l • ha -1 . The sprayer beam mounting was 50 cm and the working speed was 5 km per hour.
Two winter triticale cultivars were used in the study: Grenado and Pizarro, registered in Poland, respectively, in 2007 and 2008. The two cultivars differ in plant height. Cultivar Pizarro is a full-height cultivar, while the stalk of Grenado is shorter by about 20% in comparison with the Pizarro cultivar. The sowing date was the first decade of October for both years. The seeding rate of winter triticale (with kernel density per surface area of 1 m 2 amounting to 400 kernels/m 2 for cultivar Grenado and 380 kernels/m 2 for cultivar Pizarro) was, respectively, for the years: the Grenado cultivar -161 kg · ha -1 (2010) and 157 kg · ha -1 (2011), while for Pizarro -192 kg · ha -1 (2010) and 212 kg • ha -1 (2011).
Weed infestation
Analysis of weed infestation of triticale was carried out in spring, after the start of vegetation. Species composition and number of individual weed species (calculated per 1 m 2 ) were determined on the plots without herbicide use. The percentage of weed control in the objects of the treatment was assessed using the estimation method. The number and condition of the plants were taken into account when comparing the plants with the control. The European and Mediterranean Plant Protection Organisation (EPPO) standards were followed.
Analysis and parameters of the yield
From each plot, twenty-five triticale ears of the cultivated plant were collected before harvesting. Grain number per ear was determined on the basis of the threshed sample. Triticale grain was collected with a Wintersteiger Classic plot combine. Grain yield was determined at 14% grain moisture and then calculated per surface area of 1 ha. The thousand kernel weight was assessed on the basis of the grain sample. The qualitative grain analysis (starch and protein content) was conducted with an InfratecTM 1241 Grain Analyser (FOSS).
Statistical analysis
The results of the research were subjected to statistical analysis for two-factor experiments, in accordance with the experiment model, with the use of FR -ANALWAR -4.3 software. The significance of differences was assessed with Tukey's confidence half-interval at a significance level of p = 0.05.
Results and Discussion
Weed infestation
During the years that the research took place, 10 weed species were noted, however, assessment of herbicide effectiveness was made for seven species of which there was a prevalence of at least 4 plants · m -2 . Predominant species in weed assemblage included: Centaurea cyanus L., Matricaria inodora L. and Viola arvensis Murr. On the basis of the weed infestation analysis, it can be concluded that chlorsulfuron was effective for controlling weeds (Table 1) . The mean effectiveness of weed control was very satisfactory in both cultivars and exceeded 90%. Almost all weed species were very well-controlled by chlorsulfuron. The weeds were also very well-controlled with the use of the reduced dose, and the reduced dose with an adjuvant of herbicide. Only C. cyanus was less sensitive to chlorsulfuron, and its lowest control was observed after application of a reduced dose without an adjuvat (10.5 g · ha -1 ) in the cultivar Grenado.
In many cases, the studies on cereals confirm differences in the competitiveness of cultivars against weeds (Cousens and Mokhtari 1998; Lemerle et al. 2001; Didon 2002) . O'Donovan et al. (2000) demonstrated that semidwarf cultivars were less competitive when compared to cultivars with full-length stalks. Lanning et al. (1997) did not confirm the correlation between plant height and competitiveness of oat. However, our previous research (Kaczmarek et al. 2009 ) on winter wheat revealed that cultivars competing more strongly with weeds were cultivars with higher/taller plants. Kraska (2008) stated that triticale cultivars did not affect the level of weed infestation with: V. arvensis, M. maritima, Chenopodium album L., and Apera spica-venti (L.) P. Beauv. Yamauti et al. (2011) demonstrated the competitive effect of triticale using the example of Raphanus raphanistrum L.
As in our research, the effectiveness of reduced doses of herbicides of the sulfonylurea herbicide group has been confirmed by other authors (Nadeem et al. 2008; Barros et al. 2009; Barros et al. 2011; Kieloch and Domaradzki 2011; Buczek et al. 2012) .
Yield and yield parameters
The level of collected grain yield differed depending on the chlorsulfuron dose as well as the examined triticale cultivar. Interactions between the examined experimental factors were found in 2011 (Table 2) .
Weather conditions affected the yielding of winter triticale. Differences in grain yield were especially noticeable in 2010, when a high amount of precipitation was noted in May and August. In 2010, the cultivar Grenado had a yield which was lower by 67% than that of the cultivar Pizarro, while in the following year Grenado was the cultivar with a higher yield (an increase in yield by 10% in comparison with Pizarro). The influence of weather conditions on the yielding of cultivar Grenado, was also observed by Brzozowska and Brzozowski (2011) . On average, for the years of the research, the highest significant grain yields were noted in the objects where the recommended herbicide dose was applied. However, in all the objects where chlorsulfuron was used, grain yields differed significantly from those yields collected in the control. Additionally, no significant differences between a reduced dose, and a reduced dose applied with an adjuvant, were found.
Grain number per ear depended on the examined triticale cultivar. The Grenado cultivar had a greater grain number when compared to the Pizarro cultivar (Table 3) . However, both herbicide dose and cultivar affected thousand kernel weight (Table 4) . Unlike the grain number per ear, a higher thousand kernel weight was noted for the Pizarro cultivar. A significant increase in kernel weight, when compared to the control, was observed only in the objects where the reduced dose of chlorsulfuron was used (but did not affect yields). What is more, kernel weight did not differ between the doses: recommended, reduced, and reduced with an adjuvant.
Analysis of qualitative traits of triticale grain showed that the content of protein and gluten depended on the triticale cultivar (Tables 5, 6 ). Higher grain protein content was noted for the cultivar Pizarro. The opposite results were obtained for grain starch content, which was higher for the cultivar Grenado. Marczewska (2006) found chlorsulfuron as a selective active ingredient in winter wheat used to analyse the yield and its quantitative parameters.
Research conducted by Rola and Kieloch (2006) indicated that chlorosulfuron applied in a few winter wheat cultivars did not significantly affect differences in the yield and its structure. Different conclusions were drawn by other authors. Rengel and Wheal (1997) noted an influence of chlorsulfuron on root growth and uptake of nutrients. O' Keeffe and Wilhelm (1993) and Pederson et al. (1994) also observed the influence of sulfonylurea herbicides on the reduction in growth and yield of cultivated plants. Different responses of triticale cultivars to herbicides were noted in a study by Murkowski and Skórska (1994) (2010) demonstrated that crude protein and starch content in the grain of winter triticale was statistically higher in the objects where reduced doses of herbicides were used, in comparison with the objects with full herbicide dose, and the control. However, Stankiewicz (2004) did not observe a significant influence of applied herbicide doses on the quality of triticale grain.
Other aspects of herbicide use in triticale cultivation have also been addressed in literature. For instance, Kurowski et al. (2004) noted that tribenuron-methyl and a mixture of 2,4-D + dicamba favorably affect the health of triticale, while substances MCPA and florasulam + 2,4-D undermine it. The research by Kurowski et al. (2010) also confirmed the influence of weed infestation regulation on an increase in prevalence of diseases of triticale leaves.
It can be concluded, that chlorsulfuron applied at a reduced dose, and at a reduced dose with an adjuvant gave a sufficient weed control effect, without a decrease in grain yield and without a significant effect on the yield parameters. 
